The Northern Manhattan Stroke Study (NOMASS) was designed to determine predictors of stroke recurrence and prognosis in a multiethnic, urban population. The methods of patient identification and Background and Purpose-Although left atrial enlargement (LAE) increases incident stroke risk, the association with recurrent stroke is less clear. Our aim was to determine the association of LAE with recurrent stroke most likely related to embolism (cryptogenic and cardioembolic) and all ischemic stroke recurrences. Methods-We followed 655 first ischemic stroke patients in the Northern Manhattan Stroke Study for ≤5 years. LA size from 2D echocardiography was categorized as normal LAE (52.7%), mild LAE (31.6%), and moderate-severe LAE (15.7%). We used Cox proportional hazard models to calculate the hazard ratios and 95% confidence intervals for the association of LA size and LAE with recurrent cryptogenic/cardioembolic and total recurrent ischemic stroke. Results-LA size was available in 529 (81%) patients. Mean age at enrollment was 69±13 years; 45.8% were male, 54.0%
L eft atrial enlargement (LAE) is associated with the risk of first ischemic stroke, 1,2 subclinical cerebrovascular disease, 3 paroxysmal atrial fibrillation (AF) in the general population, 4, 5 and detection of AF in patients with cryptogenic stroke. [6] [7] [8] [9] These associations suggest that LAE, AF, and stroke could share a common disease pathway. Several gaps in knowledge persist, however. Evidence from large populationbased studies suggests that LAE is associated with incident stroke independently of diagnosed AF. 1, 2 Prior studies have been limited by the lack of consideration of stroke subtypes; as a result, less is known whether LAE is associated with incident cryptogenic stroke, which is thought to often arise from embolism. 10, 11 Finally, though LAE is associated with detection of AF, it is less clear whether LAE increases the risk of stroke recurrence. A better understanding of the relationship between LAE and stroke risk may target prolonged monitoring strategies for AF and potentially improve secondary stroke prevention strategies. We hypothesized that LAE on echocardiography in ischemic stroke patients is associated with a higher risk of stroke recurrence, particularly of the subtypes likely related to embolism (cryptogenic and cardioembolic stroke).
Patients were enrolled in NOMASS if (1) age was >40 years; (2) they had a diagnosis of first stroke; and (3) they lived in Northern Manhattan for >3 months in a household with a telephone. Only patients with ischemic strokes were included in our study. Patient evaluation was conducted at Columbia University Medical Center (CUMC). The cohort for this study represents a community-based cohort of stroke patients, and therefore, stroke patients were evaluated according to the practice of their local treating neurologists. Although systematic screening for paroxysmal AF was not performed, hospitalized patients underwent electrocardiogram and cardiac telemetry. Participants who were either not hospitalized (5%) or hospitalized elsewhere were evaluated in the outpatient research clinic or by their primary physician or community health clinic. Patients were interviewed at 6 months and then annually for ≤5 years, and new diagnoses, such as AF, were ascertained through interviews of patients and caregivers, physicians, and other providers, review of medical records, and discharge reports of interval hospitalizations. Patients unable or unwilling to come to the medical center were visited by a member of the research staff, and the evaluation was conducted at home or in an alternative place of residence (eg, nursing home). An ongoing surveillance system of admissions to CUMC was used to identify study participants who were admitted for any reason. The surveillance included other local hospitals to identify study participants who experienced recurrent stroke, myocardial infarction, hospitalization, or death, and when available, their medical records were reviewed for all outcome events, including death.
The study was approved by the Institutional Review Board at CUMC. All participants gave consent directly or through a surrogate when appropriate.
Echocardiographic Measurements
Transthoracic echocardiography was performed as part of routine clinical care within 3 months from stroke onset. Studies were performed and measurements taken according to the guidelines of the American Society of Echocardiography. 13 In particular, left atrial anteroposterior diameter was measured in parasternal long-axis view at the level of the aortic valve according to a leading edge-to-leading edge convention. The measurement was replaced by qualitative assessment of LA size when an accurate measurement was not possible; the agreement between measurement and qualitative assessment in patients who had both was excellent (Cronbach alpha =0.92) using the LA categorization that follows. Left atrial size was categorized into 4 groups according to left atrial diameter and sex: normal left atrial size in mm (women, ≤38; men, ≤40), mild LAE (women, 39-42; men, 41-46), moderate LAE (women, 43-46; men, 47-51), and severe LAE (women, ≥47; men, ≥52).
14 We combined moderate and severe LAE into one category because of the expected small numbers of patients with severe LAE. 2 The interpretation of the echocardiographic studies was blinded to stroke recurrence.
Covariates
We adjusted for the following potential confounders in the association between LAE and stroke recurrence: baseline demographics (age, sex, and race-ethnicity) and risk factors at the time of the incident stroke evaluation (hypertension, diabetes mellitus, hyperlipidemia, smoking, AF, and congestive heart failure).
Recurrent Stroke
Annual follow-up for 5 years after index stroke assessed vital status, as well as interval hospitalization or illness, and specifically symptoms indicative of ischemic stroke. A suspected ischemic stroke was followed up by record review to confirm whether an outcome had occurred. We also prospectively screened all discharges from CUMC to detect hospitalizations and outcomes that may not have been captured by interview. Stroke was defined as the first symptomatic occurrence of fatal and nonfatal ischemic stroke according to the World Health Organization criteria. 15 Ischemic stroke subtype was classified by a consensus of 2 neurologists, with a third neurologist adjudicating if needed, 16 based on the TOAST (Trial of Org 10172 in Acute Stroke Treatment) criteria.
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Statistical Analysis
Distributions of baseline characteristics were summarized and compared by LAE categories using chi-square tests for categorical and Kruskal-Wallis tests for continuous variables. The primary outcome was total recurrent ischemic stroke, and the secondary outcome was the combined recurrent cryptogenic or cardioembolic stroke subtypes. The primary predictor was LAE categories and the secondary predictor was LA size as a continuous variable. Cox proportional hazard models were fitted to estimate hazard ratios (HRs) and 95% confidence intervals (95% CI) for the association between left atrial size and the risk of recurrent stroke, unadjusted and adjusted for demographic characteristics (age, sex, race-ethnicity) and risk factors (hypertension, diabetes mellitus, hyperlipidemia, history of AF, and congestive heart failure). We tested for violations of the proportionality assumption. Sensitivity analyses were performed by additionally adjusting for body mass index, systolic blood pressure, diastolic blood pressure, and stroke prevention strategies, such as antihypertensive and anticoagulant medications on discharge. We tested whether the associations between LA size and recurrent stroke were modified by baseline AF with an interaction term, and further sensitivity analyses were performed by excluding those with AF at baseline. Statistical analyses were conducted using SAS software (Version 8.2, SAS Institute, Cary, NC); P<0.05 was considered statistically significant.
Results
Among 655 patients with a first ischemic stroke, LA size data were available in 529 (80.7%). Patients without echocardiography were less likely to be Hispanic (P for difference =0.05) and more likely to have cryptogenic stroke (P for difference =0.01), but there were no other significant differences in characteristics, including follow-up time and recurrent stroke incidence rate between the 2 groups ( Table 1 ). The mean LA diameter was 40.6 mm (SD 6.3). Mean age at the time of stroke was 69 years; 45.8% were male, 18.2% non-Hispanic white, 25.5% non-Hispanic black, 54.0% Hispanic, and 18.5% had history of AF and 13.1% had congestive heart failure ( Table 1 ). There were 279 (52.7%) with normal LA size, 167 (31.6%) with mild LAE, and 83 (15.7%) with moderate to severe LAE.
Over a median of 4 years (interquartile range 1.3-5.0 years) of follow-up, recurrent stroke occurred in 80 patients (15%), of which 65 were confirmed to be ischemic in origin and were included in the primary analysis; 13 were cardioembolic (16.3%), 16 cryptogenic (20.0%), 12 large artery atherosclerosis (15.0%), and 15 lacunar (18.8%). None of the patients with cryptogenic stroke at baseline and recurrent stroke were found to have AF during annual follow-up. Baseline demographics based on left atrial size category are listed in Table 2 .
Association With Total Recurrent Ischemic Stroke
In univariate and adjusted models, LA diameter was not associated with the risk of total recurrent ischemic stroke (Table 3) . There was also no association between moderate to severe LAE and total recurrent ischemic stroke (unadjusted HR 1.24, 95% CI 0.61-2.52; adjusted HR 1.06, 95% CI 0.48-2.30). KaplanMeier survival analysis is displayed in Figure 1 . Furthermore, there was no interaction between LAE and AF (P=0.97), suggesting that the effect of LAE on recurrent ischemic stroke was not modified by AF. The results remained unchanged after excluding those with AF (data not shown).
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Association With Combined Recurrent Cardioembolic or Cryptogenic Stroke Subtype
In an unadjusted model, compared with those with normal LA size, those with moderate to severe LAE had greater risk of recurrent combined cardioembolic or cryptogenic stroke (unadjusted HR 4.35, 95% CI 1.81-10.48). After adjusting for baseline demographics and risk factors, including AF and congestive heart failure, the associations persisted (adjusted HR Figure 2 . LA diameter as a continuous variable was also associated with greater risk of combined recurrent cardioembolic or cryptogenic stroke (unadjusted HR 1.76 per SD change in LA diameter, 95% CI 1.25-2.48; adjusted HR 1.55 per SD change in LA diameter, 95%CI 1.01-2.37).
There was no interaction between LAE and AF (P=0.31), suggesting that the effect of LAE on combined recurrent cryptogenic or cardioembolic stroke subtypes was not modified by AF. After excluding patients with a history of AF in sensitivity analyses, those with moderate to severe LAE (versus normal LA size) had a trend toward greater risk of recurrent cardioembolic or cryptogenic stroke (adjusted HR 2.77, 95%CI 0.74-10.35), and the association of continuous LA size with recurrent cardioembolic or cryptogenic stroke remained significant (adjusted HR 1.85, 95%CI 1.03-3.33). None of the patients with moderate to severe atrial enlargement and noncardioembolic stroke at baseline were found to have AF at the time of the second stroke.
Sensitivity Analyses
Sensitivity analyses were performed adjusting for body mass index, systolic blood pressure, diastolic blood pressure, and antihypertensive medications, and we found similar results (Table I in the online-only Data Supplement). In addition, in a sensitivity analysis adjusting for anticoagulant use on discharge, the association between moderate to severe LAE and recurrent cryptogenic/cardioembolic stroke remained significant (adjusted HR 3.44, 95% CI 1.14-10.31; Table I in the online-only Data Supplement).
Discussion
In a multiethnic population, we found that those with moderate to severe LAE identified on echocardiography performed for clinical purposes was associated with greater risk of recurrent cryptogenic or cardioembolic stroke than those with normal LA size. This association persisted even after adjusting for baseline demographics and established stroke risk factors, including the 2 most likely potential confounders, history of AF, and congestive heart failure. In sensitivity analyses excluding the 97 participants with AF at baseline, we found a similar effect size, though the association did not reach statistical significance, probably because of reduced power.
We focused our analysis on the combined outcome of recurrent cryptogenic or cardioembolic stroke because of the expectation that these 2 subtypes may share a common embolic mechanism. It is increasingly recognized that among patients with unexplained superficial hemispheric infarcts and no significant arterial stenosis or definite cardiac source, lower risk or unrecognized cardiac sources of embolism are likely explanations for the stroke. 10, 11, 18 The explanation of the association of LAE with recurrent cryptogenic/cardioembolic stroke could be as a result of several reasons. The mechanism of stroke recurrence in patients with moderate to severe LAE could be at least partially explained by concomitant AF. In our study, however, the association between recurrent stroke risk and left atrial dilatation remained even after adjusting for history of AF. We acknowledge, however, that our measures of AF are imperfect, and subsequent AF after stroke could also explain our outcome. For example, recent research suggests that prolonged AF monitoring can increase the detection of paroxysmal AF, [19] [20] [21] [22] but it was not routinely performed in our cohort, so we may have underestimated the prevalence of AF. However, none of the patients who had cryptogenic stroke at baseline and subsequent recurrent stroke were found to have AF during follow-up. Another proposed mechanism is that an increase in left atrial volume produces reduced flow velocity in the left atrial appendage, 23 therefore contributing to stasis and predisposing to clot formation. This is supported by transesophageal echocardiographic data suggesting an association between left atrial dilatation and spontaneous echocardiographic contrast and embolic events. 1 However, transesophageal echocardiography was not routinely performed in our study cohort to confirm this hypothesis. Another potential explanation is that because LAE is a manifestation of organ damage secondary to chronic hypertension, the increased stroke risk is instead a reflection of the well-established association of hypertension with recurrent stroke. Within our study, however, the association between LAE and stroke risk was independent of hypertension, arguing against this being an explanation for our findings. We cannot exclude residual confounding as an explanation, however.
Although AF is the most robust marker of left atrial dysfunction associated with ischemic stroke, other markers of left atrial dysfunction, such as elevated N-terminal pro-brain natriuretic peptide, p-wave terminal force in lead V1 of a 12-lead ECG, 24, 25 and paroxysmal supraventricular tachycardia, 26 have been associated with increased stroke risk independent of AF. Post hoc analysis of the Warfarin-Aspirin Recurrent Stroke Study study, moreover, showed that treatment with warfarin was superior to aspirin in reducing risk of stroke and death among the 5% of stroke patients, none of whom had AF at onset, with the most highly elevated N-terminal pro-brain natriuretic peptide levels, 27 suggesting that biomarkers of atrial dysfunction may have therapeutic implications. Similarly, LAE may serve as one of the markers of atrial cardiopathy that is also associated with increased risk of embolic strokes. 24 These results may thus spur future research to determine whether anticoagulant use reduces risk of recurrence in ischemic stroke patients with moderate to severe LAE.
Limitations and Strengths
Our study has several limitations. First, we were missing LA size values on 19% of patients; however, baseline characteristics, as well as follow-up time and incidence rate of recurrent stroke, were more or less similar between the groups with and without LA size available, which suggests that no selection bias was introduced. Second, we did not routinely monitor our cohort for AF on follow-up visits and thus paroxysmal AF may have been underdetected. Third, the categorization of left atrial size measurements was based on clinical readings and not standardized measurements from a core laboratory; however, the simple linear measurement of LA diameter used has good reproducibility and generalizability 14 in the echocardiographic evaluation of stroke patients whose left atrial size measurements is also based on clinical readings. In addition, our study lacked data on LA volume, which is a more accurate way to assess LA size, and is more strongly associated with cardiovascular events. Having found an effect for LA diameter, however, it is likely that such effects would have been even stronger had we used LA volume.
Strengths of our study include the fact that it is a prospective multiethnic study with a relatively long follow-up, making the results robust and generalizable. Furthermore, we collected data on a wide range of potentially confounding risk factors, allowing us to estimate the independent effect of LAE. Our study also included data about stroke subtype using TOAST criteria and studied the association between left atrial size and recurrent stroke subtype.
Conclusions
Moderate to severe LAE is an independent marker of recurrent stroke of embolic subtypes in patients with ischemic stroke. Future studies are needed to improve stroke secondary prevention strategies in patients with moderate to severe LAE to reduce their risk of embolic stroke. ) and control (CTL) groups (y axis) vs minutes from last seen normal to groin puncture for each of the 5 studies (x axis). The exact time to achieving maximal reperfusion is not available from published data for all studies, but where available is proportionate to time to groin puncture. Note the following: (1) the percentage of patients achieving good outcome is strikingly proportionate to the percentage of patients achieving TICI2b3 flow. (2) There is a consistent difference between the IAT and CTL groups in the percent achieving mRS 0 to 2 across all studies with the difference diminishing with increased time from last seen normal to groin puncture. (3) The percentage of patients achieving good outcome is roughly proportionate to the time from last seen normal to groin puncture (earlier groin puncture=higher proportion good outcome) with the exception being the EXTEND IA study, which was the only study to use advanced imaging for patient selection suggesting its use to identify responsive patients at delayed time intervals. M1 occlusions were included. This study presented better outcomes than expected in both treatment arms, perhaps based on the selection of more responsive patients by imaging. A total of 25% of patients with appropriate arterial occlusion that probably would have been enrolled into the NCCT-based studies were excluded from EXTEND IA based on imaging criteria.
SWIFT PRIME achieved high rates of complete recanalization (LSN to groin 224 minutes, first deployment 252 minutes, and thrombolysis in cerebral infarction 2b3 flow in 88%) and also enjoyed a high percentage of good outcome (mRS, 0-2 in 60% for IAT versus 36% for controls).
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Figure.
Relationship of percentage of patients achieving thrombolysis in cerebral infarction grade 2b or 3 (TICI2b3) flow and patients achieving modified Rankin Scale (mRS) of 0 to 2 in intervention (intra-arterial thrombectomy [IAT] ) and control (CTL) groups (y axis) vs minutes from last seen normal to groin puncture for each of the 5 studies (x axis). The exact time to achieving maximal reperfusion is not available from published data for all studies, but where available is proportionate to time to groin puncture. Note the following: (1) the percentage of patients achieving good outcome is strikingly proportionate to the percentage of patients achieving TICI2b3 flow. (2) There is a consistent difference between the IAT and CTL groups in the percent achieving mRS 0 to 2 across all studies with the difference diminishing with increased time from last seen normal to groin puncture. (3) The percentage of patients achieving good outcome is roughly proportionate to the time from last seen normal to groin puncture (earlier groin puncture=higher proportion good outcome) with the exception being the EXTEND IA study, which was the only study to use advanced imaging for patient selection suggesting its use to identify responsive patients at delayed time intervals. 
